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(54) LIGHT DISPERSION EQUALIZER 

(57) Abstract: 

PURPOSE: To cancel the dispersion of optical fibers 
without transforming an optical signal into an electric 
signal. 

CONSTITUTION: Directional couplers 6, 7, 8, and 9 each 
of which has two input ports different in length and two 
output ports different in length have longer ports 
mutually cascaded in many stages and have shorter ports 
mutually cascaded in many stages, and a directional 
coupler 5 which has two output ports having the same 
length is connected in the preceding stage, and a 
directional coupler 10 which has two input ports having 
the same length is connected in the succeeding stage, 
thus constituting a multistage asymmetrical 
Mach-Zehnder interferometer. The number of stages of 
cascading of directional couplers 6, 7, 8, and 9 each of 
which has two input ports different in length and has 
two output ports different in length is set to a 
multiple of 4 or (a multiple or 4)-1. 
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^©fulgfc 2 b<PaSffff UvyfrlgJttte^ 

SSglft b.S-3%*%E 2 *©A;fr*- h ©jig ifim bi^ 

fij§5 2;fc©A:fr;ft- f©zg£ff5U£M&*mo2;fc© 

2 ] 2*CDA^^- h©:ft;*#2V>fc: J*& •} 
J.-r>2;$;©fcB;*7#— h©^;** 5 ^^^*;^^^ 
8&£@£timi£&U ^©iiu©fc2;£©ffi£#-b© 

s^wuv^iRittisg^ssaaa Lja-^ast 2*©a 
&t© 2 *cdt— A-t*i*nK:sv^e'&*je , rejKt:flb 

«>3t3S>a» ^t^^hCio T3Sr Iqlttlg-S-S & tit 

^fis^a b^s^t^i^^i-msc^^x;^ 
& « jar & z i: * £ -r * ^^»»b». 

fi*#«bV^|Rlttie^»&JSISUB.oagi!fc 2*© A 

*^-bofia?*««bv^fiittie'&«ft8affibr, ^© 

It© 2 "fc<E>~7 — A fcflfa© 2 #©^3|&E&£: fcffl^T— £ 

ft£2o*gj£U ^©2o©^v>vy^>^gm£§t© 
4 *©&*>#- h © 5%$mfa^ y/Wx. >jrm=F&fft 
©ffiJGdtfcJBV^ftTV^^ 2#©;t<— b&5V^ 

[Sftft£4] 2#©A;&#— h©fi3#EV^£fc (? 
Ms? 2 *©&£*- h©fi*tf £Mfc||fe*;£lRlte*g'& 

fiafWbi^lRie^SftSSttbJ.-3ajSB!t: 2#©A 
ft© 2 #©T- A fcffe© 2 *©3fc®tt»t Sffl v>T-» 



©^*»ta±fc7^e;i/7T^*>y 3>SN-«bfc-7y^ 
yx>^gm$tt£2o«j£U f©2o©7^^x 
>^£!^#St©«J&fc^ fcftT^fcV* 2 #©#- h £f 

a b^sv^c^^^g-r^^^^^T^fp]^^^ 

[%H©l¥lffl&KH] 
[0 0 0 1] 

[0 0 0 2] 

[fa»©a«3 «MA=1. 3//mt^Mtt«3fe 

= 1. 5 5^mf^t^ 3fe7 7^©#tSt©*: 
fcfcJfeOT-ffiliftftf Strive; 

20 gun. *flWtt#&jiR;*ft*. 

[0 0 0 3] *<rr% »«ft*t*3*7 7^;^Mb 
t s * g it & mmm-t awmtm 

5tftt)s tfcsfcx Ell 2£^-r < fc-$£-^ £d#>> b ij 

[0004] ei i 2 tc^-r^a^s v-r^o^ h ij * 
r^-f >&tssfe©dJ33M* i o o £<&fc(D&mm<* i o 
i h-emm&i o 2&^a,^^s 0 ~?4Zu$l* h y * 

>©<5i£>Ii£^teteEI 1 3tc^-TJ:aJ&t)©T*fe 

30 &*g<te2> (fct9ft^SAJ®<^§) o IS01 2S 

If El 1 3 £:fcV^Ts LMti4^-f ^D»^hUvr^-<> 
©S^^^-^-o 

[0 0 0 5] Ell 3fcj5%bfe*D<v-f ^n«^ hU^T" 

^ <<> ©£ffi£fEm±ttiiu& b fc^s 7 r +j wfcmmm 
d©^n-^^^^s^L MS ©v-f ^D^'bu 

40 [0 0 0 6] 

^■Tftfcttfcx TIB (1) - (3) ^©Frg®#£So 

(1) ±3fc*«*ff^it*«T?&)5:v^ 

(2) m^mmkf &n<*z£, ^-itv&xhv v 

(3) ^D^>^^fT^Dh-P>h^^tb 

[0007] *%w&±^&mft<DMmtiL*mm-t* 

50 fc»t3ft$n&4»©T*?J, ^1»*W-rS3ft7y-f^fe 
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[0 0 0 8] 

CBJfflfcJSifc-ra&tf)©^®] ±SBi«>£$iJ5K-*-S»# 
« 1 ©««l©^tfcWbStt, 2*©A*F*-b©:H;* 
#2V^g& 2 #©&**- h©I$ jPS^fcii 

ftft^lRltte-frSSx «£©»>#- httS^#-h if 
O UT?ja-=>SS©ffiM#- h ttJg^sK- h £T-5 LT^S 

b^#fflttt£^«&lfcuao&|fB!fc: 2#©A*f#- h 

©**^bt^*iRHstie^«fessis6UT, #©©#**«* 

I32*©A;£>tf- hCfiStfSVMcgfe&Ho 2#©fcH 

©©&#, 4©Sft<g©& fc*^tt4©fittte*»e> 1 

[0 0 0 9] ±EBfl9**at-r*ft«^2 0»«i 

©#^ttWP<b»B:* 2*©A;fc*— h©fi$#S^fc:S 
*5fio2*CDiHA3j?— h©fiS*ss^fcR3&**rqItt 20 

h ©ss &m bv%^rratte^«ft»i» Li^Mic 2 * 
$-e-c*iqittis^»ftMja-r * z t 30 

[0010]lt, ±l3gfl9ftajSK'r*tt*« 3 ©#gtE 
©^flMffflS«tt\ 2#©A*3tf— h©ft3#SV*fcS 
& 0 So 2 *© Hi tJ tf- h CO £ $ ifi S V ^ tc A & £ 36T GStt 
*£^&&£@t:8EIffi&l&U *©«TS!fc2*©tB*^- 
h©fi$ WUv^iqittiB^SSaEttLjao^Sfc: 2* 

^m©IW^^V^>'^^^>^qF^tf•$^J5K•rS^[^]K 
fcfc^Tx ^HlE&±©^^J5;{5teT% »flft7v^^x 

>ym=Fmm<D 2 #©r- a tfk© 2 *©^«ew&4: s 

SlTiSW© 4 *©tfj;b tf- h © -5 *>#*f$fc v 

pm=F&ttG>m& ic ffl v * €> nt ^ & ^ 2 *©*- h *r -5 
[ooinit, ±iBg0t)«3^K-r $n^i4©%9i 

©3tedtkWb»l±x 2^©A^^-h©^^^SV>lC^ 
*!)S.^2*©aJ*7K- b©S$*S5^fc«3&5^riStt 
£^£$m:lftffi&&U *©itfi©t 2#©m**- 

h ©^2 u v^finttt^sftasia ufloagifc: 2 * 50 
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©a**- h©5$jWbi^ratte^s*MtuT. 
^©^^^^^i>^^itfe^-r^^isies 

fc*5l^ #[li8±©i&iifcttBT-, ^»W^'>x 
>^STMt© 2 #©7>- A tffe© 2 *©#ag$g§£: 
ffli>T-^T©3fe*»iS±fc7*;i/7 U 

lf;7^\^i>TOIt$20MU 4©20© 
x'^>'^^^>^^F^i : |•©^fc:ffiV^^>^^TV^^l^2* 

[0 0 12] 

Cffffl] 2#©A;frtf— h<DM2&m^lzmte?>&'?2 

^©iiv^^&^gis^^ 

tt£^ffl#«L^#®fctKttMau *©(&©£ 2* 

2*©A*F*- h©«iWUV^&iai£|g-£« 
SSttLTx #S©^Wa5W/\^i>^ r ®^^|t§|Sj5e 

©2*©T— A©*»SllftjfittJ)&fflfcBft«-r*i:i:(c 
.fcoT. «»ac©Blv>^0:3fcBS©jsv^©r— Ata 

ffi&»©&i^tt^ft&©gv^©7--A£5i.5;i 
nr. eaw3Ei^Bir^e<fts-(eiftjs«<i s a<3& 

So *fc s W«JHl©*fl)i©^««fbSlCj3V^Tttx 
2#©A;*J*- h©S£#^fc 2*:©tti^5K— b 

©s^^M^s^rRjs^gg©^^©^^, 4©n 

»»©»* &£t>ti:4©B8tft;6>& 1 £§H,%fc#tfc:i&£ 
?-££h£J;!K 3fefg^©^2S$2fc#B& 1 i:&SJ^& 

^StWb»fe3SSJ«-r * c i: ^T* $ h . 
[0 0 13] »*5i2©»«l3©^»*slb»t:*v^T 

T^tt© 2 2|s:©t— &*n*tnzm^y6m&*m-f&m. 
t flb© jte^Wft & ^-frscttiot^ fpj^i^'^gg 

&«JERU Ht*©*lRl.ttlS'&S©«J5RfcffiV>fc2*© 

©^©ttBTofiawBSftttcaa^^nTifefcSQta. - 

^<tot, #^V^^^x>^T^tt©2^©T 

-A©*»iUI<f«jafl|t:^af fcggfifft - t&vsmt 
ttttltft^aWbSftSSfcajEfit-ftii:^ 

[0 0 14] Hfc»*JH3©»W©^ttWb»lC*5V^ 
*HII&J:©fflSft;(ftBTf^ ^^^^^x>y 

sa^attt© 2 *©t-a tflb© 2 *©3t®wsa: 

T-*©^*MS±fc t-^ bfcv * ^ ^ ^ >^ 
^lt© 4 *©ffl A ^K— h © 3 *> yj\yx.>#m 



(4) 



^§S¥ 6-3 3 1 8 4 2 



[0 0 15] att$£4©%IH©jfe4}&«{b« 

^^ym^-mw 2 #©r- a tub® 2 jxoytmmst 10 

lSitti6ft3te»ftWbSfeS»fc:3affi-rai4:As 

T* # & o 20 

[0 0 16] 

[0017] <m$tm 1 <D&wcommm>m 1 lilt ^ 
i©$siB©isjfifc0!i&^u 2^©a>j^— h©^;*#s 

^ti^; D_§/^2;fc©ai±rtf— b©S£#2^{c:j|&£ 
*fiH4Je-&»6, 7, 8, 9£ N fti*©*^*— h ttg 
h bT-E.O:g£©S&t^— bfct&^tf — h £ 
^Lf^tc^Ml, -t©mjf&tc 2#©a^*-h 

©A*tf-h©S£*WbVV*|q|tt|g^«l 0&^b 

@B&fc:*5V^ 2*©A*7*~- b©ft$jPSV*fc:«&& 
&.-~>2&<Dmt>*&— h©^2#^C^&3;£fRjt£iS&-£* 

A L 1 = (A+0. 5) • Co 



*se," 7, 8, QtoimwmtDwmL*. 41 

&4^tt4©S»(g*M £§l^fc»©3*x 4*: 

§S3£bfc4>©T?fcs. BHfci3vvT\ *iRitt^S6, 

-tfl-Wu S*©SV^A*Jl?— M 1, 1,2, 1 
3, Ut, ^£©&^A±ftf-h 1 5, 16, 17, 
1 8 «<*©«V^:*j3K- h 1 9 , 20, 2 1, 22 
ts *£©*gnai*3K— h2 3, 2 4, 2 5, 2 6t& 
M-tZ>» #flttl£^«5fcig'M&5 0%©3dB 

^rrattJS'&ST?* t> * £-A;*j*- h lcl±A*ffi!l#*ib» 
1, 2#8Mft;ar*iTMS. It, 35f 1 0 IS 

^*5 0%©3dB*fili4IS^gT?ft!) s h 

tttm*iii!i3te^«tt3, 4^^nt^i,, 

[0 0 18] ZZX', (i) A L i S*filtt*e^«6-9 
©^£©gV^A;*7tf- h 1 1 , 12, 13, 14fcg$ 
©JSVA*;*- M 5 , 16, 17, 18i:©3tttfi 

A L 2 £#|Rlttte'&86~9©ft3©«^ffl*3K- 
M 9, 2 0, 2 1, 2 2^£©&i^fcB;*7tf-h 2 
3, 2 4, 2 5, 2 6fc©jfeBMJ£, f. S^ftWb© 

ff't^Hatt, f l *^ft«b©TRB©*ja*^ f« 

*^Mto±E03fclS^ A, B^ftftx Co £K 
«E*©3feJS* n£«tt%©jg#r4E % fc-TSfc, it 

(1) , (2) (ii)2o©^foj^jfg 
•£g§5 £ 6 ^^#^^J©^^5W/>'^^^>^^^ft 

fc£tK (iii) 2o 
0*Btte^S9 t 1 0 fcft^ft«©*W«iV2;^yi 
>^T^tt©2^©T-A©^£&^tiAL, h& 
♦K (iv)#|qM4IM«6 4:7, 7t8, 8£9£«g.$# 

hAL a (Dmtte*), A+B=2M (MttfflR) £;fc< 
fc* 5* (1) 2klf (2) J:!}. 5$ (3) ©<fc?t^fc>£ 



[0 0 2 0] 



[0 0 2 1] 



AL: 



[0 0 19] 
[»1] 

/ (2nf o ) 
) 

Co / (2nf „ ) 
* & [ft2] 
= (B-0. 5) • Co / (2nf o ) 
= (B- 1) • Co / (2nf L ) 
= B • Co / (2nf b ) 



= A • Co / (2nf L 
= <A+ 1) 



5t (1) 



5£ (2) 



★ *HR3] 

AL 3 = A L i +AL 2 

= M • Co / (nf o ) 
= (M-0. 5) • Co 
= (M+ 0. 5) • Co 
(2) J&tf (3) cfctK 4\ A 
*{BS5fe««»l*f>3teSA»bfc»-&fe#Aa^ TEES 
3fcH9teSf L ©J&fr&tf-b 1 l&S^ttl 5->tK— h 
1 9-*#-h 1 2-»/}<-b 2 0**1^(42 4-»#-h 1 50 



[0 0 2 2J a (1) 



/ (nf L ) 
/ (nf H ) 

3&4VM41 7 



• • - A (3) 

fc£^l±2 6i:U5|lI©i&g§£5I!K SftfctttBAffil* 
a£&B4CS*o ^fc, ±BS^migEftf H ©M^t4#- 
h 1 1 feSV^^i/^<— h 1 5-*#— h 2 3^— b 1 6-» 



(5) 



6 - 3 3 1 8 4 2 
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- h 1 7-»tf- h 2 5-»#-b 1 8-*#— h 2 2&SO 
fct2 6fcV*$«©««teiI!K 
4^. ±E^tt«f H ©/£#©;£ 

©^lt2AL 3 fcW*&UfcS«3ai«FMrH £!*£<©« 
JE£3tt*£*:*iiSl,T^So f « tf l ©H3© 

r B (f -f l ) / (f h -f L ) tnf&<®mm*& 

I* So d©fc#\ Bl©##«Mff<b8fcJ:»K #&£*i*10 [ft 4] 

1 J \ 



© * a t sns ji lt, ao^fij^-r s ^ a £ 

So 

[0 0 2 3] ±&L£i&BJ£5ST^tferF©iIt>Ti$? 

ff*«i-e*iE, (i = i-4) ^^b-rt/tB^Tt 

*ifiB3, 4©H|^E 9 , E 4 (45$ (4) T^frl-di: 




[0 0 2 4] 

expC-j/SALs) 0 



0. 



1 



^2 
j 

>2 





[0025] {SU 5$ (4) /?ti^^©fe^ 
fife, N(i2*OA^J^- h©*$#:5:v>fcS&!j.ar3 2 

*©tti**— h©fis* s av^c««t«35igtte-&s©«t 

[0 0 2 6]^ AAffla^«»EB 1 * Aflt 

t> 5£ (4) Ci3»tSAAffll3te*»ttl, ZVUft ^30 
/E,\ /1\ 



0 



&Ei , E 2 fcOV>T5£ (5) £&<Zt&T'gZ> 0 tfco 
T5£ (4) J;!?, 

4^©fci£gSftH (w) ttSC (6) <D£5\Z&t>-tZ£ 

[0 0 2 7] 
C»5] 



(5) 



[0 0 2 8] 



H to) =E< 



★ ★ [R6] 



=-jexp(- jNtf) { cosN0+j 



sin# sinN0 



sin0 



[0029]fiU5t(6) 4"T*. wtt3te©^ffi|«»1? A [0 0 3 0] 

0, tf, d&^tl^tlX, (7) , (8) , (9) [»7] 
T-#*£;h,So A 

0 = /? (A L i +AL a )/2 

[0 0 3 1] * + [ft 8] 

= (AL 2 -AL, )/2 

[0 0 3 2] * * [R9] 

0= cos" 1 (2- ,/2 COS0) 

[0 0 3 3] ftoTS* (6) <fc!>, #^«Sfb8©^ 50 2a*TttS ( 1 0) ©<t^ ffl^t«I^BB 



•^(6) 

•5$ (7) 
•SC (8) 
5t (9) 



TfcfcSt (i i) (o*oizmt>$hz> 0 

[0 0 3 4] 

T=IHto) I 2 



=cos 2 N0- 



(6) 



sin 2 ^ sin*N0 



sin 2 6> 
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* [»10] 



(10) 



[0 0 3 5] 



* [ft 1 1 ] 



Qarg (H (a;) } J 



Im 1 H to) ' 
=- Qn sin0 sin^+ sinN0 cosN6> (/" 2— sin6> cos^ 

0 



cos# 
sine 



sin0 sin0) ]■/ (4sin'0cos 2 N0 



+ 2sin 2 0sin 2 N<9)l x (AL, -f AL 2 >^- (n) 
— • » ^ *. 



[0 0 3 6] H2fciu A=7 5 0 4, B = 2 4 9 6 (A 
Li =3. 8 7 7mm, AL 3 = 1. 2 8 9mm) , 2 

**&mtkz*foim&&<Dimmifmifiit= 1 2, 

««B©IJff*tfn=l. 5 ©«£-©3fe0>%3W35g©tt 
1££:UT, (a) fc3fiS2«Wtefcj5*u* (b) K*g 
^«£^ra^S3SUfc4»©*T?feS. £©3te#£»fbS 30 

teW«EttgHRN#4CE)fiftm (N = 1 2 = 4x3) 
0^T**l.c ^2*>£ N ^Ao =1. 5 5/zm£tf 
./bfc bT 9 GH z<Dj^^ftf5Htct»fcoT^£3S3a^T 
#0. 9 5£&D, 3t^««E<b«*s«ja"e*SCfctf*!l 

So 

[0 0 3 7] H 3 t±, Jt«W4: bt> 2 *© A;*?*- h 
©^2#I3& Olo 2#cDm*>tf- h©S2##Sfc32f 
lRJtt*S-&»<ZHKRja«|gl!ft#N= 1 3 ©:&i£-©}fe#fgt^ 
fb^Oltte&^Lfc&CDT-iJoSo ^3 ( a ) tt$&&j§ 
WttfcSfrU ^3 (b) ttfltt££l$|H&tt&$£> 40 
LT^So £ftttN = 1 3 = 4 x 3 + U fiP-&ti£M&ffi 

<KlftffittS!a^©^t7^— ^ffitt N El 2 

[0 0 3 8] 04t±, &£ja9$tf 0 . 9 5JjA±fcfc4 
J9ffl^«Af (GHz)fc, 2^©A^3^-h©^^^S 50 



do) 

1©©«5S (N= 1-2 1) *>©£^ 
To &*5, £©»**,, l»«tt«ftJ|U*©^*-* 
tlfcfc, EI2©^h[5lDT*^So BI4*>&«|« J;-5t, 
^fSj^-^ggCD^^iftgfeN *s 4 ©gftfg©gfe©tg 

jgSS^#0. 9 5W±fcfe*jg8Eft|fiHAf #j£<fc 

>k iSttf6©3fc^««b»ft»6naii:tfT**. 

[0 0 3 9] &tc, ±aBLfc«Sfl©##«Wb8*5 
SiSffi±fc^|ftit«ftfc i k^TSiO, ©Tffl 

U ^&tc, WSi0 2 ©±as*^v KJBftWU 

awufc. ioidfeaaifi^rasfcj: *£$&&© its 

^iAn=l. 5%, 37tiD = 4, 5/*m*4. 

ffitf^R=2mm, *|Rltt<e-&»©iiS©Jfc 
^A£tf- h £&2<Dm\,\A£i*- h ^©^e&^A L 
.=3. 8 7 7mm, Jjfa&&£i%%®-&2(Dm^tht)# 

-b^£©^w*r*-h^<z)#j&^AL 2 =1. 

2 8 9mm, 2 #©A;*rtf- h©JI£ #£V^J1& *)R 
-o 2 #© tU t> h ©^ £ #S ^ H £ # iRlttig^S 

©ws»«saftN= i 2 fc^d^^^-^flitf. ^ 



•It 



(7) 
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wPflssfcftaBbfc. zvm^ ^«^<bsttx 3d 

" B#IrM4££S (Ell*©?«5, 6, 7, 8, 9, 1 
OWttiO) ©££$#4 0 6 0%©fg@T*g 

lb (#<b) bxfc, ^ft^b^^^^if^bb^o 

CL££flilgbfc. 

[0 0 4 0J ^«TOSI4^ ±a£bfc#7;*« 

[oo4i] <m&m2<DmBMcz)mmm>m5&ffi&m 

Z<D%W<Dmmm*ni^, 2#©A;fc#-h©:ili*#5 
9 Ho 2 #©&;£*-- h©fi£#2^fc:gfe* 

*Glttlg£«6, 7, 8, 9£, J*ar©St^«WHfc*^ 
bT-fi.o^^©^M^ti^V>gg^^d UT-f- 

-hcjtswbi^iRitte^ai osft«t^ ^© 

8, 2 9, 3 0, 3 1, 3 2£* = *— JSstf— ffcbT 
aE«S^-B-*ifct ±oT^tt*S-&»3 3, 3 4, 3 
5, 3 6, 3 7, 3 8fc«tfifcU Hfc*©2f|qlttlS'&» 

je-rsjKfca£«E*-e-T*iqitte'&g3"9, 40, 411 

[0 0 4 2] HSfczfcwr, *lRFttte'&»6, 7, 8, 
9fcM5^*5 0%©3dB3$ffa<SM6'&»T?fc!K **V? 
*U fi*O^A**-Ml, 12, 13, 14t, 
!*£©J6^A*pK—M 5, 16, 17, 18^ 
©*VW-H 9, 2 0, 2 1, 2 2*:, S£©*a 
V^ttJ^jTtr— h 2 3 , 2 4, 2 5, 2 6 t^nc * 
fex *|qIttlS'&S5*»ja^4E5 0%©3dB*|Rlttfg'& 
ST-feS, 2#& 

©3dB*iqittifi'&sT?*?) x ^m^tf-b^ttm*^ 

33, 34, 35, 36, 37, 3 8&*S^£#/Jx£U 

9, 4 0, 4 ltt|£^*5 0%©3dB*|qlttfg^S? 
fctK ^n^nm^ffl^2i®gS4 2, 4 3, 4 4, 4 
5, 4 6, 4 7#&^£ftT^£ 0 ^AW**- 
h©5^ 11, 12, 13, 14, 19, 20, 2 

1 , 2 2, 2 7, 2 9, 3 1 ©#3fe»«K±filSttt t- 
*SM*4 8, 4 9, 5 0, 5 1, 5 2, 5 3, 5 4, 5 
5,5 6, 5 7,5 8^l9:MbTfeSo 
[0 0 4 3] iiujfcbfc&K, (i) AL, 

tt^S6^90fi?©|t^A*!l?-H 1, 12, 1 
3, 1 4^£©$§^A£tf-M 5, 16, 17, 1 
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8fc©#K«|, A La **|qltt|g^S6-9 0fi*© 
Sl^W**— M9, 2 0, 2 1, 2 2fcg£©J§HHj 
£*-h 2 3, 2 4, 2 5, 2 6fc03fcBfSH, f 0 £ 
#tt«b©*<C0W*«U ft S#fi«fb©TIB©JfeJa* 

f « £#«?fb©±R©#J5»aBu A.JSfl 
St, Co *H2*©3teJk nS*»»©JB«fi. 

mjHi©^ (1) , (2) #8tfc3ft3tt&, (ii)2 
^©*lRltt|g^» 5 t 6 $^^I?0©^»-7 yyvj/x 
>^SR : Mt©2#©r— A©#KM*(4AL, £fc 

io (iii) 2o©^iqittie^s9i:i o&mxmtvn 

y ^ y x >^3H^tt© 2 *©7— A©3t8Sitll 
li A L 2 fcsfet), (iv)^TIqltt|g^S6fc7, 7t8, 8 
i: 9 ft^»ftv^;\yi V^SH 1 OTf©#8gJ*|gA 
L 3 &AL, i: A L 2 ©ffihfctK A + B=2M (Mt± 
BS0 St (1) M (2) «fc 5k m&<DjZ, 

(3) ©<t^tc^$ns e 

[0 0 4 4] tfc^T, mFiffihNflKA (1) , (2) 2W 
(3) cfc t). 4\ H 5 ©AA4B3fe»«»l Alt 
Ufefl^H^St, TBbfcffi»3Rf l ©j£#tetf-h 
20 1 l&S^ii 1 5->^— h 1 9^#-h 1 2-»#— h 2 
0&£V>fcfc2 4->^f— h 1 3fcS^(± 1 7->tf— h 2 1 
h 1 4->7t<— h 2 2fcS^li2 6 £^-5/^©Jg£§ 
fcifitK 5ftCttffl*flg*«tt&4k:2*. JbBR 
3fcTO»fH ©J&^BlsK— h 1 lfcS^ttd?— h 1 5-» 
h 2 3-»*— h 1 6->tf-h 2 O&SUfcJ:*-- h 2 
4^>3<— h 1 3&-£^fci:7tf— h 1 7-»5|?— h 2 5-*#— 

b i 8^^— h 2 2^sv>ti2 6t^om<Dm&&m. 

MH£ttWAM£$ttft4fc:£*. ^OCiiit lb 
iEbfcaO, ±E#JB«»f « ©&#©;*#, TIR^Ja 
30 «j»f L ©JEdtdAO*, T— A©3tl&ae©tttf2AL' 

a t»«tfc»a8«fiiiirH «»^<©affi&a'(t*i 

i:£^bT^£o f H fcf l ©Ba©^«»f © 

dWfrtiU TR3feJ5ia&»f L ©J0W»J:!>%n r H (f-f 

l ) / (f h - f l ) ©ssifcstt*. -©fc 

^ B5©#fi«t«b8fcJ;!K mtt4*7T'f 

[0 0 45] E6lt A=750 4, B=2496 (A 
L, =3. 8 7 7mm, AL 2 = 1. 2 8 9mm) % 2 
40 *©A*f?J<— h©^^* s ^J&??ao2*©fctS±»^— h© 
^$^M^S^fR]^^©^|^|SJgtA s N= 1 2, 
©OTS©JB*f*ii*n= 1. 5 ©«-&©3fc^»WbS©» 
t£i:bT, (a) KiSifiaiaWttftj^u (b) Cffi 
WSiEH*iaiWtt*35%bfct>©Tfe4. c©^lk^<b« 
ttx {KRSEIAgi!ftN# 4 ©fift« (N= 12 = 4x3) 
©»&T*«. BI6 3&»t, x =1. 5 5/zm£* 

iC^fc bT 9 GH z ©/^^ISHCbfeoT^g^^T 

So 

50 [0046] ii^^TN imfo-w^y^ym^mm 



i 



(8) 



13 

©2*©T-A©*6£&J|^ii N MWOfifmiCJ; 

Ktrafcfcrns^fctf&s. 07£ x &7-a© 

3fcB«6tfBI6fc43tf4Sfflfl«J&fflJ;D*»»fiAo ©$b 
HT- 7 A fc tt $> o ^ T ^ * ^©^ft^bSg©** 
f£©-#)£^ (A L i -Ao -AAi + Ao , AL 2 
-Ao -AL 3 +A 0 ) c iSU 07 (a) tt&£2£a 
Wttfe, 07 (b) ttffi^ajE«FBBW^fefe*jDbTi^ 

1^7 tms 3teejyg^s^fflA>& 

[0 0 4 7] CO<fc-5-&We^b*jR«-r5&»K:tt, 
05K^Lfcfc — £g(S#4 8~58 £^T$t^&j^t 



f#i§¥6-3 3-1 8 4 2 
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[0 0 4 8] fCT, B5fc»j*Lfc^tt«bS-? 
BU fcffi»&a|K3£ri*gtt*g^S 3. 3 3 4 

<£fcfc*3 5 4:3 6*fctt3 7t38), fi£©*LV» 
€-^-ffl#-h2 7t2 8 (£fc£2 9 4:3 0£fctt 
3 14:3 2), 3dBj&|qH£fg'&83 9 (Jfc(i40^ 
fctt4 1) fflaj*3fe«8»4 2i:43 

(£fc&4 44:4 5£*:fcj;4 6 4;47) i?t>UZ>&%& 

*=*-J&Hi*3fe*«tt4 3 f 4 5, 4 7Sttt^ 

«^fi3 3-3 8*ffl^ctCJ:»j, ^fKWbS© 
*tef*©ia5fe£«S*/J\3< LTl^*. b-*g& 
fr<Do%, 5 6, 5 7£t/5 8tt^-^-ffi^-h2 7 
-3 2©:S££ N tt*^«ffi^t*L<ft*J:5C 

[0 0 4 9] 05^^Lfcm£^JT*ii. 2*©A;b*- 

he>&$ifim^m& 2*©^*- h©ji;*# 

S^fc*& *#lRlttlgr&« 6 - 9 ©& 1 J£fc:*f IT 1 o 

[0 0 5 0] ttz, 0 5Tfcfc^-*-/8?K-h 2 8, 3 

: T.KominatoffeCcfc& "Loss characteristics of 
intersecting silica-based waveguides" OEC 92, 
pap.l6B4-l, PP. 138 -139 , 1992#i8) ©T\ B 

[0 0 5 1 ] <gf &m 3 <D§m<Dmm>w 8 \zm&m 



3<D§£®<DnMm*iriU 2*©AA3K-h©££#S 
.^iRltte^SB, 7, 8, 9$, :H2©gl^#&^ 

LT\E^fi£©&i^ii&^ft#4r5 tr*^ 

« U>*|S|ttl5£« 5 UEo&i&lC 2 * ©A*tf 

^T, tiE%&ffi€!!8t&4£U ^IHE&±©^^^(fig 
10 T% ^W»^*yy\«ya:>4rs^fff©2*©r-A4:flb 
©2*®3fc««B2 7, 28 (29, 30, 31, 3 
2) 4:*ffiV^T-^r©3t*ttB±tt«-^ft^»Ufc^ 
y^*Vx>^^2oifiJU *©2^©vum 

y >?m=F&it(D 4 ^©m**- h © ^ *#*r«i^ * 

^>yffl^tt©«j5fit:«i^nTV^v>2*©3j? 
- h 5 9 c , 60 d (61c, 62d, 63c, 64 

«ie^«3 9 (40, 4 i) .^mtictot; 

20 *fl»ttftfi< Ufc*©T?*5. 

[0 0 5 2] g|8fcj3Vvt* jgTffltt&Mg 6 , 7, 8, 

9 5 o%©3 dB^fRj^^T-feOx 

il, fi*O^AA*-M 1, 12, 13, 14t, 
S£©ffiV*A*Jtf— M 5, 16, 17, 18 4:. JIS 
©fiWti**-M9 f 2 0, 2 1 , 2 2 4:, J*;* ©SI 
^^-F 2 3, 2 4, 2 5, 2 6mt4. £ 
fc. #lR)&£'Mg5*>«S^¥5 0 56©3dB*|qH4te^ 

3te«Ott»3, 4#aNKi*ftT^4. £fqH££^S 

3 9, 4 0, 4 1 0%®3dB«|qltt|SM 

Tfet), *n-en*=^-fliHi**39«ftHi4 2, 43, 

4 4, 4 5, 4 6, 4 7#ffl»3iiT^*r* ~*<D7~- 
A±t t— £ 2 -^© V^^>^a:>^^^P^|f(i 

&££©*□ < ^ISE©*lRlttfi'&» 5 9, 6 0, 6 

1, 6 2, 6 3, 6 4^U fnfhAtH^-h 
59a, 59b, 59c, 59d;-60a, 60b, 6 
0c, 60d;61a, 61b, 61c, 61d; 62 

40 a, 62b, 62c, 62d;63a, 63b, 63 
c, 63d;64a, 64b, 64c, 64d*ft 
*. &Xmm&?\, 1 2, 1 3, 1 4, 1 9, 2 0, 
21, 22, 27, 29, 3 1 ©±fflSfctt**i*ft#tt 
«ISWfifflCb-^fflJ^4 8 ( 4 9, 5 0, 5 1, 5 

2, 53, 54, 55, 56, 57, 5 BifiWtmZ tlX 

JO 0 5 3] B8fc43Vvta\ ^^rns^f 
-^-^4:tT. fe^*qr«©*filtte^S5 9 4:6 
0 (^fc«:6 14:6 2, ^fcti6 3 4:6 4) , ^^©^ 
50 U^-*-ffl*-h4:bT©^&g§2 7 4: 2 8 



(9) 



ftmW- 6- 3 3 1 8 4 2 
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15 

fctt2 9 4:3 0, £fcfci;3 1 4:3 2) . 3dB#|6Jtte 
•£§§3 9 (£fc&4 0. £fci±4 1) . 
«Hl*3fc*«l&4 2i:4 3 (£££4 4 4:4 5. 
4 6 £4 7) *>£&St>©£*fiJ&bTfcSe 
[0 0 5 4] 09£ck!K &fr#Rl*©#|q!tt 

9, 6 0, 6 1, 6 2, 6 3, 6 4 4>»£*Eft 

A*ffiS3fe3|«tt6 5i 6 6 4:. ffi*fl93fe&tt& 6 7 , 6 
8£. *l9ttl&&S6 9, 7 0t, 3fc»fcW7 1,7 2 

Ies/l68=4Ar (1— /c) cos 2 

[00563 fee u K&xm&m&mG 9, 70©^ 

So 

[0 0 5 7]^3T*. t^^7 3©^K,t 
^tt»7 l©JBW«gfbs*#TA0©ffifc»b»S 
0^1 e6 /I 6e ^ 4 a: ( 1 -/c) 
[0 0 5 9] 0O*.tf*3bSO. 5 (6 9 i: 7 0#3dB^ 
iRltt^S) ©*M\ 5* (1 3) I../I..ttO 
1 £T-©<£&©il£^S^4:*n0fg£;fc£ o dCDC 
. fctt, ^»h66^f,6 9fcoHTfcEJ«T?**. ^© 

fc«>s *£^*^«©*rattis^s&6fflffl^T* 

654:59a (£fcfc£60a, 61a, 62a, 63 
a, 64a), tf-b664:59b (^feli6 0b, 6 
lb, 62b, 63b, 64b). h 6 7 4: 5 9 c 
(Sfett60c, 61c, 62c, 63c, 64c). 
tf-b 6 8 4:5 9d (£fc&60d, 6 1 d, 62d, 
63d, 64d) fefeSEtt-rs^fctJ;*}, * = 
^-h 2 7, 2 8, 2 9, 3 0, 3 1 , 3 2 tRj£©}fe 

A39«W4 2, 4 3, 4 4, 4 5, 4 6, 4 7£&rJ£ 
© tiB t) & 3t 0 titi i- £ 4: A 5 T* & 5 « 

^SH©t-^»4 8-5 5tJ;4SaSE*, 5 © 
»-&fcl?lb<, ^^-^^^4 3, 4 5, 4 

3^=*-fflffl*«^©ttWj#©»;fc*S< LTHS 

So 

[0 0 6 1 ] <ff$J@4©ftlg©£ffift|>|g]l 0(iR$ 
E4©£E©»fc0!lfc33*U 2#©A:b#— h©5*# 
S^fca&l)fio2*©di*#— bCftar^SViKRai 
4^T|qIttlS^»6 f 7, 8, 9£. S$©fi^SW*« . 
V^#« lsT-R-?&$<Dm^fr&M\,^ftZ5 bT* 
MkfcttttSttU ^©Buf6!^2^©^^-h©^^ 

uv^iRittis^s 5 bfioaac 2 #©a^ 

3l?"-h©il$^bV^filtt^S6ftSS«bT, £1* 
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30 



**SB#7 3 i:^^i^nTV^ c ^-h6 5iP^6 8 
^©AW*ttttI../I,.fcfc, 2o©#GH4fg^«6 
9, 7 0©^^*sfHl-T-feS4:^-rS4:, to* ( 1 
2) T^fc^nSo 0g*l& N.Takatoflbfc J:*^tK "Si 
lica-based single-mode waveguides on silicon andth 
eir application to guided-wave optical interferons 
ters" IEEE/OS A J . Lightwave Technol . ,Vo 
1.6, no. 6, PP. 1003-1010, 1988#Jg. 
[0 0 5 5] 

mi 2] 

(A0/2) ■ • - S* (12) 

^^■^S-tCct^T, 5$ (1 2) AfcB^t4I« 6 
/Ieefciu #5$ (13) T-^2ftSf!£4:!)^3o 
[0 0 5 8] 
[Rl 3-3 

• • - 5* (13) 
im&K@8c&4 4:-U ^[UES±©iS^^{4© 
T*. ^*Tflivy^\ryai.>^'S ; f^fff©'2*©7'— A 4:^ 
*©^CUV^flb©2*©3te3?W&2 7, 2 8 (2 9, 3 
0, 3 1, 32) fcfcffl^T— ^©JWaa^fcT^U 

4, 7 5 (7 6, 7 7, 7 8, 7 9) &2^«JfcU * 
© 2 O© x> at >^qF^gf©^J5£tCffiV^ ZtlX ^ 

2 ;£©*— h ¥5 b^S^t^^^jg-r^lZ^ 
^$^T^fRH4i^^3 9 (4 0, 4 1) 
4:£J;!K ^E&ff tfo^likWbWtt©^^^— »^ 
£*gj£b. bfcfc©T*;fc£. 
[0 0 6 2 3 Ell OKii^T. £|ql1£t£^«6, 7, 
8, 9 5 0%© 3d Bfifa&m<£$%T*&*), * 

teti* ^^©SV^A±^4^-M 1 , 12, 13, 14 
4:. :EI£©*Sv>A;*7#-M 5, 16, 17, 18 4:. 
JUf©SV>m*3K-M 9, 2 0, 2 1, 2 2 4:. Jl£ 
©2£^W;b#-b 2 3, 2 4, 2 5, 2 6-4: & ^fT So 

£|q]{££'&3 5ti&'&*5 0%©3dB#fRU4*£ 
^t'fe^ &A**-hC&A^#zgi£fi&l, 2# 

^^tiTVASo jet:, ^rfqjfi^si 0feg^5 o 
%©3dB^[nit4i^^T-^»). ^fcHtftf-hUfctiti^ 

3 9, 4 0, 4 1 t»^^5 0%©3 dB^lStti^ 

tir-fet?. *n-^n*^^-ffldd*jfc»aw4 2, 4 

3, 44, 45,-^4 6, 4 7 #»|fc?ftT^5. -;*©. 
7-A±C7 ; £;l'7 77^>J 13 Vftftfltfe 2 0©V y /\ 

y x >^T«&ittt«i©«I < i^^pJ^©^fp]te^ 
i§74, 75, 76, 77, 78, 7 9&^J5gb. 
^enAfcB^^-h 7 4 a, 7 4 b, 7 4 c, 7 4d;7 
5a, 75b, 75c, 75d ; 76a, 76b, 76 
c, 76d;77a, 77b, 77c, 7 7 d ; 7 8 
a, 78b, 78c, 78d; 79a, 7 9b, 79 
c, 7 9d£W-T£o #MttlSl 1 , 12, 13, 1 



40 $ 



1 



(10) 
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4, 19, 20, 2 1, 22, 27, 29, 3 1 
tCi± j en j eil^^M^^k:b-^^4 8, 4 9, 
5 0, 51, 52, 53, 54, 55, 56, 57, 5 

[0 0 6 3] m 1 0£:fcUT&, ^tJt^b^^M 



^¥6-3 3 1 8 4 2 
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7 5 (£££7 6 4:7 7, ££&7 8 4: 7 9) , Jl£© 
f ll^-^-ffi^- h i: IT©M» 2 7 4:2 8 

(£fc&2 9 4:3 0, ££fcfc3 1 4:3 2) , 3dB^fSi 
ttfe^S3 9 (£££4 0, £fctt4lK£Vfc*= 
^-^tB^aH?m4 2 4:4 3 (££1*4 4 4:4 5, £ 
£1*4 6 4:4 7) ftt>-&Z>t><D&mm,LT&Z> 0 

[0 0 6 4] ^ZX\ mi HZ**), #£-&^Rj£©#[q] 
te*S-£S§7 4, 75, 76, 77, 78, 7 9©M^ 
Bira-Tft. 01 l£:fc^T, IS^Rl3!<D2r[SM4f£-£S 

A*{W51639^K6 5, 6 6 4:, m^f<8!l^^6 
7, 6 8 4:, ^lRH4^§g6 9, 7 0^ ^^K7 
1 , 7 2 4:, 2tmiBt&7 l<D±&tZXJ<y 

8 0 4:^^>^J5£?ixTV^o ^^;i/7T^->'Jr3>^^ 
8 0£lx — !f3fefc/8^T h 'J 5. >^^ff a ^4:^ct 

S^^T-^. -e^T*, E9©^-^4:-|5]ai, h 6 
5^t,6 8^©Aai^I««/I« B ft 2oCD^TfS]S 
^S6 9, 7 0O^^-t-fe5i;^t4i:, 
bTi^ (12) t-^b^^^o- EP^, ^3S»EI&7 l©JS#r 

d2) <to, AtB*i#tti. i /i„a:. ma. (i 3) 

[0 0 6 5] mZitK&Q. 5 (6 9 4:7 0#3 dB^ 
fRj^^rS) 5$ (13) ctt), I„/I„«:0 

1 £T©ffj&©^£4:££4:#<UtgJc;fe£ 0 £©c: 
4:&, h 6 6A»£ 6 9icoi^Tt)iH]^-C*^So *<D 

6 5 4:7 4 a (££ti75a, 76a, 77a, 78 
a, 79a),tf-h664:74b (*fctt7 5 b, 7 
6b, 77b, 78b, 79b), h674:74c 
<*fcfc*7 5 c, 7 6 c, 7 7 c, 7 8 c, 7 9c), 

*-h 6 8 4:7 4 d (£fcfct75d, 76d, 77d, 

7 8d, 7 9d) fcfca«§-rS£i:fcJ:SK *-*-fl3 
7K-h27, 28, 29, 30, 31, 3 2 rI^cD^ 

*«»»4 2 J 4 3, 4 4, 4 5, 4 6, 47tfcnJ& 

[0 0 6 6]t£oT, IWKHwM^jLV^rsg^tt© 
3teB&^H©t— *§B#4 8 — 5 5 £<i;5S§g£, El 5 CD 

^4:feib<, ^-#-mm±>ytmm&4 3, 45, 4 

7fctiJ^3fe*i»4fcm^Tff5l»fcti\ 



in t J: £ 3t?©7feil*cQtf in £-trDC-f£c4:#T*£ 
[0 0 6 7] ±fl!LfcEJ5, 0 8, CSI 1 0©&H 

10 eO, £ K-^> h4: UT^iDbfeS i0 2 ^7703 
C, 05, 08, ® 1 0 t^Lfc<fco&;^ — >§J8^ 

T3risxy^>^i / t37S^fiRu eat. 

HtfSiO* ©±6P*7* KJBfciftttU HtfiFf^O^ 

*'J>^SrC{<»Lfc. £ ©Jt 5 Jfe 
^&E&©i£JS#r2£l£An= 1 . 5%, 3 7^SiD = 4. 
5/zmx4. 5/im, ffll^gR= 2 mm, #|qH£|g-fr 

^^HAL, =3. 8 7 7mm, J5m&t£&&<D&$ 

AL 2 = 1, 2 8 9mm, 2 *<DXtn£— hO&Z&Zi 

^fR]|4^g§©^^^N=l 2t^a#^7^- 

*f6r% 3te»i8twb»&^b, 2*© 

!).@.o2;fc©tB;fttf— b©*Ur 
* l ««t4*lRlttlS'&»©3IB!a!j lottiDLfc, 
[0 0 6 8] #a«»b«tt N ±i6Ufc;tf7yl» 

30 *wk:ie6-*\ aftB«#3fc»Msavj}«t;^-jite3Mw 

[0 0 6 9] 

(1) 2*©A*#-h©S$i»*||«t?)a.o2*©diA 
*©^$[fg©$E, fc*^tt4©gftfg*»e> 1 &§|v>fc8tfc 

/^©7>tJc^ffil8l-S^4:* s T*^, ^ffi-MEiilTfc® 

(2) 3tegiK&±03as«{ftBT^^m<bm£ti£^© 

^I9:itfi3i^c^^ti^®i-r^^4:^7?^s* tte^T, 

50 [BSOffif^KQH] 



(11) 



6-331842 



19 



20 



[02] 2#©A*>#-h©:g£Mi&!mo2;fc©ttJ 

[03] 2*©A£tf- h©^£#g&t)E/o2;fc©fi 

[04] &mMM&ifiO. 9 5&±tl£2>m$i®L(&m 
- b ©H£ #Hfc S £fi&&^«©ttH£g*& 4: ©69ft * 
[i5] H*JH2©3fi|lifcB8-r*-Wlfi0il©3fc3Ma»b 



#»Wbss©«jiRfcS5**-Ei. 

[013] ^D^^ b ij s^^-f >©fcffijEg#tt 

i, 2 xt>mxmm& 
3, 4 m^«i3tem 



[^6 3 ^tfcwbg©»«*ft«ftt©wi¥^i*^-r 



[0 7] ^^^^^^>^^ff-©^E&^MASiS 



5, 6,7, 8, 9* 10, 39, 40, 41 
10 5 0%©dB#|qJtt*£i&S 

11, 12, 13, 14 ^T|Rltt|g^»©«$©J|^A 

15, 16, 17, 18 *|Rltt|g^8©J5*©5St^A 

1 9, 2 0, 2 1 , 2 2 2f|qH£IS-&«©fi;af©J|V*ai 

h 

23, 24, 25, 26 *|RJtt*g-&«©fi£©JgV>ffi 

2 7, 28, 29, 30, 31, 32 
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